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To examine the link between binocular vision and binocular coordination of saccades we studied 
subjects with convergent strabismus ince childhood with mild or no amblyopia: three subjects had 
small squint (<10 prism D) and preserved peripheral binocular visual function with gross 
stereopsis; four subjects had larger squint (18-35 prism D) and no detectable stereopsis. A standard 
paradigm was used to elicit horizontal saccades; binocular recordings were made with the IRIS 
device. For subjects with small strabismus, saccades were disconjugate (unequal between the two 
eyes) typically by I deg. Subjects with larger strabismus exhibited even larger and more variable 
disconjugacy (typically 1.8 deg). Post-saccadic eye drift was consistently divergent in subjects with 
small strabismus and tended to reduce the convergent squint angle. In contrast, in subjects with 
large strabismus drift was convergent. The impairment of the binocular control of saccades is 
attributed to the deficiency of disconjugate oculomotor adaptive capabilities necessary to 
compensate for the natural asymmetries or changes in the two oculomotor plants; such deficiency 
would be more severe in subjects with large strabismus who have neither central nor peripheral 
binocular vision. © 1997 Elsevier Science Ltd 
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INTRODUCTION 
Studies of saccades and particularly of their binocular 
coordination, in strabismics are rather scarce. The 
binocular coordination of saccades is essential for 
achieving binocular vision after every change in fixation. 
Reciprocally, binocular vision is necessary to ensure 
binocular oculomotor coordination via oculomotor adap- 
tive mechanisms. Several recent studies in normal 
subjects have shown remarkably fast (Van der Steen & 
Bruno, 1995; Kapoula et al., 1995), and also slower 
(Lemij & Collewijn, 1991; Oohira et al., 1991; Schor et 
al., 1990; Oohira & Zee, 1992) adaptive changes in the 
binocular coordination of saccades when the visual input 
from one eye is altered; such changes aim to overcome 
the induced visual disparity and thus to re-establish single 
binocular vision. Since binocular vision is deficient in 
strabismics then the question arises whether their 
saccades are still yoked and whether disconjugate 
adaptive capabilities are preserved; such capabilities are 
needed to compensate for natural asymmetries and 
developmental changes of the oculomotor plants. Evi- 
dence for deficient binocular control of saccades comes 
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from the study of De Faber et al. (1994). These authors 
examined adult subjects, most of them with large 
divergent strabismus (20-40 prism D) and with severe 
unilateral amblyopia. They reported large, direction- 
specific, deficits: saccades in the direction where the 
preferred, non-amblyopic eye abducted were larger in 
that eye by as much as 25% (divergent disconjugacy). 
The goal of the present paper was to study the degree of 
binocular coordination of saccades in strabismic subjects 
without severe amblyopia whose main sensory deficiency 
is in binocular vision. To test he role of binocular vision 
we recruited two groups of subjects: subjects with small 
convergent s rabismus (< 10 prism D) who had no foveal 
binocular vision but maintained peripheral binocular 
vision; and subjects with large convergent strabismus 
(18-35 prism D) who had neither central nor peripheral 
binocular vision. We found an impairment of the 
binocular coordination of saccades which was more 
severe in large strabismus with the most reduced 
binocular visual capabilities than in small strabismus. 
METHODS 
Subjects 
General characteristics. Seven subjects, two female 
and five male, were studied. Their ages ranged from 20 to 
39 yr. Table 1 describes the main clinical characteristics 
of subjects. All subjects had a history of early-onset non- 
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TABLE 1. Clinical characteristics of subjects 
Subject 
Angle of Surgical and/or 
Age Corrected visual strabismus botulinum 
Sex (yr) acuity (prism D) Preferred eye treatment 
Time from last 
treatment Stereo acuity 
MB 
DB 
MG 
(A) Subjects with small strabismus 
M 20 RE: 20/20 4-ET - -  Surgery 
LE: 20/40 RE, LE 
M 38 RE: 20/25 4-ET - -  Toxin 
LE: 20/25 RE 
M 36 RE: 20/25 7-ET - -  Surgery LE 
LE: 20/20 Toxin RE 
(B) Subjects with large strabismus 
FH F 24 RE: 20/25 22-ET LE Surgery LE 
LE: 20/20 5 hyper 
PB M 28 RE: 20/40 25-ET LE Surgery LE 
LE: 20/20 Toxin RE 
BM F 39 RE: 20/20 28-ET LE Surgery 
LE: 20/20 5 hyper RE, LE 
TG 1 M 29 RE: 20/40 30-ET LE Surgery RE 
LE: 20/20 
TG2 M 30 RE: 20/40 14-ET LE Toxin RE 
LE: 20/20 
11 yr 
3 yr 
13 yr 
4 yr 
4 yr 
4 yr 
6 yr 
10 yr 
10 yr 
10 months 
3 0 0 "  
240" 
3000" 
m 
E 
m 
m 
ET, esotropia; hyper vertical deviation. LE, left eye; RE, right eye. No subject had severe amblyopia; binocular vision was assessed with 
stereoacuity ests. 
paralytic strabismus without important abnormalities of 
vergence and accommodation. 
Prior strabismus treatment. All subjects had under- 
gone strabismus eye surgery and/or injection of botuli- 
num toxin in their extraocular muscles. These treatments, 
however, were done long ago; the latest one was the 
botulinum on subject TG2 and this was 10 months before 
our oculomotor testing. It is known that the paralysis of 
the eye muscle produced by the toxin does not last more 
than 3 months (Scott, 1981). Consequently, no subject 
had eye muscle paresis at the time of our oculomotor 
testing. Subject TG was examined twice: the first time his 
squint was 30 prism D; the second time, a year later, his 
squint was reduced to 14 prism D due to botulinum 
treatment. 
Visual acuity. All subjects had good visual acuity in 
both eyes. During the experiment subjects wore their 
habitual corrective lenses. Note that subject DB was 
recruited because his angle was small and he had good 
binocular vision. About a month before our oculomotor 
testing, however, this subject presented neuro-ophthal- 
mological symptoms, such as fluctuating deficits in the 
visual field and fluctuating reduced visual acuities. The 
neuro-ophthalmological examination done the day of our 
experiment showed no visual field defect and his visual 
acuity was good in both eyes (20/25, see Table 1A). His 
squint, when measured at the synoptophore was 4 prism 
D. It was, however, larger and particularly variable, when 
measured with eye movement recording. 
Ocular dominance and binocular vision capabilities. 
Ocular dominance was tested with the 4 prism D base out 
prism test: the prism was placed alternately either over 
the left or over the right eye. The eye for which the prism 
caused more frequently a refixation movement was 
considered as dominant. All patients with small strabis- 
mus could alternate the fixating eye rapidly and no clear 
eye preference could be established. Under binocular 
vision these subjects exhibited a small suppression 
scotoma of the image in one eye. The presence of the 
scotoma was determined with the use of several clinical 
tests (Bagolini striated glasses test, 4 prism D base out 
prism test, synoptophore). Despite the absence of 
bifoveal binocular vision, stereoacuity was present for 
all these subjects although below normal values. Subject 
DB had a stereoacuity of 240 sec of arc on the TNO 
random dot and 60 sec of arc on the Titmus test. Subject 
MB had 300 sec of arc on the Titmus test; subject MG 
had only gross stereopsis (approx 3000 sec of arc, Titmus 
fly test and Worth four dot test). In summary, the three 
subjects with small squint preserved perifoveal and/or 
peripheral visual binocular function and gross stereopsis. 
For subject MB, fusional amplitudes were actually 
measured at the synoptophore using images with large 
disparities (>5 deg); these values were 10 and 6 prism D 
for convergence and divergence, respectively. 
For subjects with large strabismus (Table 1B), the 
left eye was dominant. None of the four subjects 
presented any evidence for stereoacuity; all tests TNO, 
Titmus, Worth 4 dot were negative manifesting complete 
deficiency of binocular vision. 
Control subjects. Three healthy emmetropic subjects 
(ZK, MP, MM) participated in this study. They had no 
history of strabismus and their binocular vision was 
normal (stereoacuity values at the TNO test were 60 sec 
of arc or better). All subjects had right eye dominance 
(subjects were asked to fixate a distant arget hrough a 
small central hole of about 6 mm in diameter; the eye 
used to fixate the target was considered to be the 
dominant eye). This study was approved by French ethics 
committee CCPPRB No. 15. 
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Eye movement recording 
The stimulation and data collection were directed by 
REX, a software developed for real time experiments and 
run on a PC (Dell 486P/33). Horizontal saccades from 
both eyes were recorded simultaneously with a photo- 
electric device mounted on spectacles (IRIS, SKALAR). 
The system had an optimal resolution of 2 min of arc and 
its range for lateral excursions was up to 30 deg; its 
linearity was within 3% for excursions up to 25 deg. A 
preliminary calibration was done for each eye individu- 
ally when it alone viewed LED targets: subjects were 
asked to fixate back and forth between acentral and two 
peripheral LED light dots located at 25 deg on either side. 
Eye position signals were low-pass filtered with a cut- 
off frequency of 200 Hz and digitized with a 12-bit 
analogue-to digital-converter. Each channel was sampled 
at 500 Hz. 
Oculomotor testing 
In a dark room, subjects were seated 123 cm in front of 
an egocentric arc of light-emitting diodes (LEDs) 
positioned horizontally at eye level. The head of the 
subject was stabilized with a bite bar (with an 
individually fitted dental impression of the subject's 
upper teeth). A standard saccade paradigm was used to 
elicit saccades: the subject fixated a central small spot of 
red light created by the LED (5.6 min of arc). After a 
variable interval the central spot disappeared and a target 
appeared in the periphery, at a randomly chosen position 
to the left or to the right at 5, 10, 15 or 20 deg. The target 
was created by illuminating an array of LEDs and was 
either a normal E or a backward E 0.4 by 0.2 deg. The 
subject was instructed to fixate the target as accurately as 
possible and to discriminate whether it was a normal E. 
Target duration was approx 1 sec, after which the central 
LED dot was again illuminated. For all subjects with 
strabismus, this task was done first under both monocular 
viewing conditions (left eye viewing, right eye viewing) 
and then under binocular viewing. The change from one 
monocular viewing condition to the other or to the 
binocular viewing condition was done by opening or 
closing a black tissue curtain in front of each eye; the 
tissues were mounted on the head support. This technique 
was used to avoid possible head movements hat could 
occur while putting on an eye occluder. Calibration 
factors were extracted from the monocular viewing 
conditions. 
Data analysis 
A linear function was used to fit the calibration data. 
Saccade onset was determined at the point where eye 
velocity reached 5% of the peak velocity; saccade offset 
was taken as the time when eye velocity dropped below 
10 deg/sec. Post-saccadic eye drift was determined for a 
period of 160 msec after saccade offset. This value was 
chosen to be close to that required to reach the steady- 
state position in lesioned animals that develop ocular drift 
(e.g. Optican & Robinson, 1980). Ocular drift beyond 
160 msec after the saccade includes also visually driven 
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FIGURE 1. Typical binocular recordings of rightward saccades from a 
normal subject (MM), from a subject with small strabismus (MG) and 
from a subject with large strabismus (FIt). The solid line is the position 
trace of the left eye, the dotted line is that of the right eye. Markers on 
the left eye position trace (middle panel) are placed by computer 
algorithms and indicate the onset of the saccade (i), the offset of its 
rapid, pulse component (p), and post-saccadic drift for the following 
160 msec (s). The lower trace is the disconjugacy of the saccade (the 
difference between the left and the right eye). Divergent disconjugacy 
is negative, convergent disconjugacy is positive. Saccade traces from 
the two eyes are offset. 
components and our main interest here is on the earlier 
drift components related to the matching of the saccade 
pulse-slide-step signals. 
For each individual saccade we measured in degrees 
the disconjugacy (left-right eye difference) of the 
amplitude of the saccade and of the post-saccadic eye 
drift. We use the term intrasaccadic disconjugacy to 
denote the difference of the amplitude of saccades. 
Positive values indicate convergent disconjugacy: sac- 
cade amplitude is larger in the adducting eye or it has 
more onward rift than the abducting eye (the right eye is 
abducting for rightward saccades, the left eye for leftward 
saccades). Statistics were performed using the Student's 
t-test. 
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FIGURE 2. Bars are individual means of saccade amplitude disconjugacy together with their standard eviation. Means are 
shown separately for rightward and leftward saccades and for each viewing condition: binocular viewing (BEV), left eye 
viewing (LEV), right eye viewing (REV). Each mean is based on 30--40 saccades. For subjects with strabismus, particularly 
large strabismus, disconjugacy is large and of variable sign (divergent, convergent). *Statistically significant at the level 
P < 0.05 (Student's t-test comparing the mean obtained for the binocular viewing condition with that obtained for monocular 
viewing). +Statistically significant at the level P < 0.05 (comparison between the mean for left eye viewing and the mean for the 
right eye viewing condition). 
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RESULTS 
Saccade amplitude disconjugacy 
Figure 1 shows typical examples of rightward 
saccades. Normal saccades how a small divergent 
intrasaccadic disconjugacy followed by small convergent 
post-saccadic drift. In contrast, the saccade from the 
subject with small strabismus hows larger and con- 
vergent intrasaccadic disconjugacy; the saccade is 
followed by a divergent drift. The saccade from the 
subject with large strabismus hows large divergent 
intrasaccadic disconjugacy followed by a slow conver- 
gent post-saccadic drift. 
Figure 2 shows the individual average intrasaccadic 
disconjugacy separately for rightward and for leftward 
saccades. For all three normal subjects the mean 
disconjugacy was small (< 1 deg) and was consistently 
divergent regardless of the direction of the saccade. The 
intrasaccadic disconjugacy was almost always smaller 
(<0.6 deg) when the fight dominant eye was used to 
fixate the target. 
For two of the subjects with small strabismus (MB and 
MG), the intrasaccadic disconjugacy was only slightly 
larger than that of normals; for subject DB, disconjugacy 
values were abnormally high. The main difference from 
normals is that for all three subjects with small strabismus 
the disconjugacy was not consistently divergent; it was 
divergent or convergent at similar rates. Sixty-four 
percent of the saccades made by MB (all viewing 
conditions, leftward and rightward saccades together) 
had convergent disconjugacy; for subjects DB and MG 
these values were 52% and 62%, respectively. 
Subjects with large strabismus showed larger values of 
intrasaccadic disconjugacy. Only rightward saccades 
under the binocular viewing condition (BEV) from 
subject TG2 exhibited small disconjugacy (0.24 deg), 
comparable with that found in normals. The other 
subjects, including TG2 in the other viewing conditions 
and saccade directions, showed large disconjugacy 
(range: 0.85-4.22 deg). Subject TG in both experiments 
showed consistently divergent disconjugacy, regardless 
of the saccade direction and of the viewing condition. In 
contrast, for the other three subjects the sign of 
disconjugacy depended on the direction of the saccades: 
for FH and BM, in all viewing conditions, disconjugacy 
was consistently divergent for rightward saccades (100% 
and 82%) but convergent for leftward saccades (100% 
and 86% of the saccades made by FH and BM, 
respectively). Subject PB showed consistently divergent 
disconjugacy except for rightward saccades in the right 
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FIGURE 4. Bars are individual means and standard eviations of post-saccadic drift disconjugacy. Positive values indicate 
convergent drift, negative values divergent drift. Other notations as in Fig. 2. For normals and for subjects with large strabismus, 
post-saccadic eye drift in the first 160 msec is consistently convergent; in contrast, for subjects with small strabismus post- 
saccadic eye drift is predominately divergent. 
eye viewing condition. For three of the four subjects, 
viewing with the right, non-preferred eye produced a 
larger disconjugacy than viewing with both eyes (asterisk 
sign), or viewing with the left, preferred eye (cross sign); 
these differences reached statistical significance for 
subjects PB and BM and TG2, rightward saccades. 
Figure 3(a) shows that for all subjects with large 
strabismus the amplitude of the disconjugacy increases 
with the amplitude of the saccade. Saccades beyond 
10 deg of amplitude show large disconjugacy (4-5 deg), 
corresponding approximately to 20-30% of the ampli- 
tude of the saccade. In contrast, for subjects with small 
strabismus (MB, MG) the size of the disconjugacy is 
small regardless of the amplitude and of the direction of 
the saccade. Only subject DB showed an increase of the 
disconjugacy for saccades beyond 10 deg. Figure 3(b) 
shows positional specificity in two subjects with large 
strabismus. Centrifugal rightward saccades from subject 
PB had a divergent disconjugacy of up to 3 deg, while 
centripetal rightward saccades had larger divergent 
disconjugacy of up to 5 deg. Centripetal saccades larger 
than 10 deg from subject BM had a convergent 
disconjugacy of up to 3.8 deg, while centrifugal saccades 
of similar size had a divergent disconjugacy of up to 
5.2 deg. 
In summary, subjects with strabismus presented larger 
saccade amplitude disconjugacy than the known, small, 
divergent disconjugacy of normals, which was confirmed 
in our study. In contrast o normals, saccade disconjugacy 
in strabismics could be either convergent or divergent. Its 
amplitude was, in general, larger in subjects with large 
strabismus than in subjects with small strabismus, and 
depended on the direction of the saccade, as well as on 
the orbital position of the eyes. 
Post-saccadic drif in the$rst 160 msec after the saccade 
Figure 4 shows the average amplitude of disconjugate 
post-saccadic eye drift for each individual subject and for 
each viewing condition. For the three normal subjects, 
post-saccadic eye drift was convergent for both rightward 
as well as leftward saccades. With one exception (ZK, 
leftward saccades under left eye viewing), the mean 
disconjugacy of post-saccadic eye drift was small 
(<0.3 deg). For subjects with small strabismus disconju- 
FIGURE 5 (opposite). Saccade sequences from a normal and from several strabismic subjects; all data are from the binocular 
viewing condition. The solid line is the position trace of the left eye the dotted line is that of the right eye; the offset of the two 
traces indicates the squint angle. ‘Ihe thick trace is the average of the two eyes (L + R/2), the cyclopean eye, for the normal 
subject his trace is offset for clarity. The lower trace in each graph is the disconjugacy trace (the difference between the left and 
the right eye). In strabismics, post-saccadic eye motion is composed of several components in the same or opposite directions 
(indicated by arrows). Recordings under monocular viewing conditions show similar drifts with multiple components. 
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FIGURE 5---caption opposite. 
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gacy of drift was, in general, larger in amplitude than for 
normals. Most important, with one exception (DB, right 
eye viewing), the mean post-saccadic eye drift was 
divergent. The percentages of the saccades followed by 
divergent drift were 80% and 83% for subjects MB, MG 
(all saccades in all viewing conditions), and 89% and 
68% for subject DB, in the binocular viewing and in the 
right eye viewing condition, respectively. 
For subjects with large strabismus, post-saccadic drift 
disconjugacy was consistently convergent for all viewing 
conditions and for both saccade directions. The overall 
percentages of saccades followed by convergent drift 
were 65%, 82%, 77%, 98%, and 98% for subjects FH, 
PB, BM, TG1, TG2, respectively. The amplitude of the 
disconjugate drift was small for subject FH, and for 
leftward saccades from subjects PB and BM. For all other 
cases drift amplitudes were substantially larger than those 
of normals. Thus, post-saccadic eye drift was more 
variable in large strabismus (range: 0.07-1.23 deg) than 
in normals (range: -0.07-0.65 deg), even though drift 
was consistently convergent for both populations. 
The differences between the viewing conditions (Fig. 
4, asterisk and cross sign), were rather idiosyncratic for 
subjects with small strabismus. For subjects with large 
strabismus, drift disconjugacy was larger when viewing 
with the right, non-preferred eye rather than with both 
eyes or with the left eye (PB, TG2 rightward saccades; 
BM leftward saccades). 
Post-saccadic eye drift and fixational instabili~ 
Figure 5 shows sequences of five or more saccades 
from a normal subject and from subjects with small 
strabismus, as well as from subjects with large strabis- 
mus. The difference between the three groups of subjects 
can be observed in the disconjugacy trace. For the normal 
subject, one sees the small convergent drift of the eyes in 
the first 200 msec after the saccades well described in the 
literature; the eyes almost reach their steady state position 
afterwards and subsequent fixational stability is good. For 
subjects with small strabismus one can discern after the 
saccade the short time constant divergent drift described 
above; this is frequently followed by a second, con- 
vergent drift component [Fig. 5 (subjects DB, MB and 
MG upward arrows)], and even by a third divergent 
component (downward arrows, subject MG) that can- 
celled the second, convergent component. For all three 
subjects the first divergent drift component prevailed; this 
divergent drift brought the eyes to a more divergent 
alignment han that at the end of the rapid, pulsatile 
component of the saccade. For subjects with large 
strabismus the overall fixational pattern between sac- 
cades is predominantly convergent with a time course 
slower than that of the divergent drifts of subjects with 
small strabismus. A second, divergent component at 
approximately 300--500 msec before the next saccade 
could be distinguished for subject BM (indicated by 
upward arrows). In most cases, post-saccadic eye motion 
in subjects with large strabismus brought he eyes to a 
more convergent position than that at the end of the 
saccades. 
In summary, the early part of post-saccadic eye motion 
was corrective (with respect to the baseline squint angle) 
in subjects with small strabismus but not in subjects with 
large strabismus. Subsequent fixational stability was poor 
for all strabismic subjects, as multiple drift components 
were going on almost throughout the period between 
saccades. 
DISCUSSION 
Impairment of binocular yoking of saccades 
It is well known that the binocular yoking of normal 
horizontal saccades i not perfect: at the end of the rapid 
part of the saccade a small divergent disconjugacy exists 
(<0.5 deg for saccades with amplitudes below 20 deg). 
This phenomenon has been reported by several authors 
(Kapoula et al., 1987; Collewijn et al., 1988; Zee et al., 
1992; Maxwell & King, 1992). Kapoula et al. attributed 
divergence during the saccade to a disconnection of the 
tonic vergence innervation by the high-burst of the 
saccadic pulse activity. Subsequent studies proposed 
more peripheral explanations. Thus, Zee et al. considered 
differences in the mechanical properties of the lateral and 
medial ateral rectus as a possible cause and/or a delay in 
the arrival of premotor signals at the motoneurons of the 
medial rectus with respect o the time of arrival at the 
lateral rectus; the delay could be due to the abducens 
internuclear neurons between the saccade burst neurons 
and the motoneurons of the medial rectus. Maxwell and 
King confirmed the presence of divergent disconjugacy 
in normal monkeys and also attributed it to a delay 
between the activation of the medial and the lateral 
rectus. Nevertheless, for children 5-10 years old, 
Fioravanti et al. (1995) observed convergent intrasacca- 
dic disconjugacy followed by divergent disconjugacy and 
divergent post-saccadic drift. The authors attribute these 
phenomena to incomplete compensation of mechanical 
asymmetries of the two oculomotor plants. It is possible 
that the small, consistently divergent disconjugacy seen 
in adults could be what is left uncorrected by the adaptive 
disconjugate oculomotor mechanisms. A divergent rather 
than a convergent intrasaccadic remnant would be easier 
to correct with a preprogrammed convergent post- 
saccadic drift. The recordings of three normal subjects 
in our study are in agreement with prior reports on adults 
(see Fig. 5, Normal): the eyes diverge during the first 
portion of the saccade and converge subsequently during 
and after the saccade. This stereotyped pattern was not 
confirmed in our strabismic subjects. In Fig. 5, for 
subjects with small strabismus (DB and MG), one sees 
frequently an initial divergent intrasaccadie disconjugacy 
followed by convergent intrasaccadic disconjugacy; the 
latter, however, is larger in amplitude, leaving a 
convergent disconjugacy at the end of the saccade. 
Another frequent pattern for subject MB and DB, is 
convergent disconjugacy throughout he saccade. For 
subjects FH and BM the disconjugacy is throughout the 
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saccade either convergent or divergent, and system- 
atically divergent for subject PB. Thus, in contrast o 
normals, there is no a single stereotyped pattern of 
intrasaccadic disconjugacy in strabismics. The second 
finding of our study is that saccade amplitude disconju- 
gacy is, in general, larger and more variable in subjects 
with large strabismus. Saccade disconjugacy in such 
subjects creates incomitancy of the squint angle, even for 
gaze positions within the range of + 20 deg. Recall that 
none of our subjects had a history of paralytic strabismus 
or abnormalities of vergence and accommodation. Thus, 
the most plausible interpretation of their oculomotor 
deficits is weakness or absence of disconjugate adaptive 
mechanisms. As suggested by Fioravanti et al. (1995) 
such mechanisms are needed during development, o 
compensate for the asymmetries of the oculomotor plants 
and/or differences in the premotor oculomotor relays. We 
suggest that in strabismus this ability is limited or absent. 
Our finding of more severe impairment of the binocular 
coordination of saccades in large strabismus supports the 
hypothesis of a deficiency of the adaptive mechanisms 
that could be more severe in subjects with large 
strabismus because of their reduced binocular visual 
capabilities. Additional support for this comes from 
another study (Bucci et al., 1997, this issue, pp. 2767- 
2777), which tested in the same subjects disconjugate 
oculomotor adaptation to aniseikonia (image size in- 
equality), and found failure of adaptation i  the subjects 
with large strabismus. 
Our finding of impaired binocular control of saccades 
is compatible with the observations of De Faber et al. 
(1994). A basic difference, however, is that for divergent 
strabismus with important unilateral amblyopia studied 
by Faber et al., saccade disconjugacy was systematically 
larger and divergent when the non-amblyopic eye 
abducted. In our subjects with convergent strabismus 
and without amblyopia, one could not establish a 
directional specificity common to all subjects. Maxwell 
et al. (1995) studied subjects with deep unilateral 
amblyopia who had mostly convergent s rabismus. They 
also reported marked saccade amplitude disconjugacy 
but no directional specificity. Thus, directional specificity 
seems to be related to the divergent type of strabismus 
rather than to amblyopia. Maxwell et al. suggested that 
saccade disconjugacy is related to the deep amblyopia 
rather than strabismus. Our finding of similar disconju- 
gacy in convergent strabismus without important am- 
blyopia shows that strabismus alone is sufficient to 
deteriorate the binocular yoking of saccades. Strabismus 
disrupts normal binocular vision, thereby disabling or 
reducing disconjugate oculomotor adaptive capabilities. 
Post-saccadic drift and fixational stability 
We found substantial disconjugate post-saccadic drift 
immediately after the saccade and subsequent fixational 
stability to be rather poor, as motion of each eye 
continued or reversed its sign one or more times over 
the total period between saccades. Post-saccadic drift 
cannot be due to muscular peripheral effects since none 
of the subjects had paralytic strabismus. Neither it could 
be due to strabismus urgery done 3-13 years ago. 
Inchingolo et al. (1996) reported that very large drifts 
following strabismus surgery are almost eliminated 
within the next year. Neither could botulinum toxin, 
used to correct strabismus, be responsible for any of the 
drift abnormalities, ince the effect of toxin does not last 
more than 3 months (see Scott, 1981). Our observation of 
multiple drift components in the same or in the opposite 
directions is consistent with the study of Inchingolo et al. 
(1996). Children with convergent strabismus howed 
large, convergent post-saccadic eye drift with multiple 
components, which was orbital-position dependent. The 
persistence of convergent drifts we reported in adults 
with large strabismus would reflect limits or lack of 
oculomotor adaptive mechanisms. Such mechanisms are 
needed to match the saccade pulse-slide-step signals 
appropriately in order to counteract viscoelastic proper- 
ties of individual eye muscles and the resistive torque of 
orbital tissues (see Inchingolo et al., 1996). 
Alternatively, the difference in the early post-saccadic 
drift between subjects with small strabismus and subjects 
with large strabismus could be due to some additional 
active post-saccadic corrective mechanisms in the former 
subjects. As previously mentioned, in subjects with small 
strabismus post-saccadic drift in the first 160 msec after 
the saccade was consistently divergent and prevailed over 
the subsequent components. It is possible that these 
subjects learn to program a divergence movement whose 
execution is synchronized with the end of the saccade. 
Inchingolo et al. (1996) did not examine children with 
small convergent s rabismus (< 10 prism D) and it is not 
known whether this difference in post-saccadic eye drift 
behavior is already present in childhood. Recall that, for 
subjects with strabismus maller than 10 prism D, 
perifoveal and/or peripheral binocular vision was present, 
as well as gross stereopsis. The corrective, divergent, 
post-saccadic drift could help to maintain this state of 
binocular sensory coordination. Thus, corrective post- 
saccadic drift behavior could be another indication of the 
extent to which sensory and oculomotor binocular 
coordination is preserved in strabismic 
Changes in disconjugacy due to which eye views 
In normal subjects, Kapoula et al. (1987), reported a
change in the amplitude of disconjugate post-saccadic 
drift depending upon which eye is viewing the target. The 
reasons for such dependencies are not clear. Such 
observations uggest either an ability to alternate 
instantaneously between different sets of adaptive 
oculomotor adjustments or an ability to modify very 
rapidly the binocular coordination of post-saccadic drift. 
In the present study we observed changes for all subjects 
(normals as well as strabismics of either type) and for 
both the intrasaccadic disconjugacy, as well as the post- 
saccadic drift disconjugacy. The dependencies were, 
however, rather idiosyncratic both for normal subjects 
and for subjects with small strabismus. In contrast, for 
most subjects with large strabismus, the disconjugacy 
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(intrasaccadic as well as post-saccadic) was largest when 
the subject viewed with the non-preferred eye. This 
suggests that the default settings for the binocular 
oculomotor coordination in such subjects are based on 
visual input from the preferred eye and that a further 
degradation of the binocular control is introduced if the 
subject cannot use the usually preferred eye to fixate. 
In summary, this study shows, for the first time, 
impairment of the binocular coordination of saccades in 
subjects with non-paralytic convergent strabismus with 
no or only mild unilateral amblyopia. It suggests that 
binocular vision is important in maintaining binocular 
oculomotor coordination. The impairment of oculomotor 
coordination is more severe in subjects with large 
convergent strabismus. It causes substantial incomitancy 
and could compromise any attempt o use vision from the 
two eyes together (e.g. gross peripheral binocular vision). 
Post-saccadic eye drift is predominately divergent in 
small convergent strabismus and could aim to reduce the 
squint angle. In contrast, in subjects with large con- 
vergent strabismus, drift is predominately convergent, 
that is, in the direction of the static offset of the eyes. The 
results provide a reference to neuro-ophthalmologists on 
saccade control in strabismus and contribute to our 
understanding of the link between binocular vision and 
binocular oculomotor coordination. 
The impairment of the yoking of the saccades and of 
the post-saccadic eye stability in large strabismus could 
be due to the diminished disconjugate oculomotor 
adaptive capabilities. In subjects with small strabismus 
the corrective nature of the post-saccadic eye drift and the 
smaller disconjugacy of saccades, could be ensured by 
residual adaptive mechanisms based on peripheral 
binocular vision. The companion report (Bucci et al., 
1997) tests this hypothesis for six of the seven subjects. 
The results show failure of adaptation only in the subjects 
with large strabismus who have no binocular vision at all, 
and support the explanation presented here for the 
inherent impairment of the binocular coordination of 
saccades. 
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